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Direct measurements of the interplanetary magnetic field 
at 1 A.U. have recently been made by an experiment^" conducted 
on the Interplanetary Monitoring Platform (IMP-1) . The 63 kg 
spin stabilized satellite was launched on Nov. 27, 1963 
into a highly eccentric orbit with a geocentric apogee of 
197,616 km. and an orbital period of 93.5 hours. The Sun- 
Earth-apogee angle was initially 25° west of the Sun and increased 
approximately l°/day due to the Earth* s helicoentric motion. 
Successful transmission of scientific data continued for 180 
days until May 30, 1964 when the Sun-Earth-apogee angle had 
increased to 201°. The interplanetary data is based on the 
average magnetic field computed every 5.46 minutes using 12 
successive data transmissions at 20.5 second intervals. The 
absolute uncertainty of the data is less than 0.25/ (1/ - 10”® 
gauss) . This letter presents the initial results of a detailed 
comparison of these interplanetary magnetic field measurements 
with solar magnetograph observations of the photospheric 
magnetic fields as measured at the Mt. Wilson Observatorv. ' 
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Previous space probe measurements of the interplanetary 

magnetic field by Pioneer V in I960 were interpreted as 

evidence of a 2.57 field normal to the ecliptic plane. A . 

3 

recent reanalysis of this data has yielded the result that 

the direction of the interplanetary field was nearly parallel 

▼ 

to the plane of the ecliptic and that the magnitude was between 

4 

5-107 . The measurements of the solar plasma efflux in 1962 
by the Mariner II Venus probe have confirmed the initial 
restricted results'* of the Explorer X satellite obtained in 1961 
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and the Lunik II moon probe in 1960. The Mariner II results 
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showed that a continual flow of plasma, the solar wind , existed 

with an average streaming velocity of 504 km/sec. 

The interaction of the solar wind with the geomagnetic 

field disturbs the interplanetary medium in the immediate 

vicinity of the Earth and spatially confines the Earth T s field. 

Thus measurements of the relatively undisturbed interplanetary 

medium by IMP-1 are restricted to times centered about the 

satellite apogee and outside the interaction region. This region 

is limited to about 85,000 km at the subsolar point, but is not 

spherically symmetrical^ - and instead broadens out away from the-'. 

stagnation point and eventually trails out behind the Earth. 

Hence as the orbit of IMP-1 precessed in the solar-ecliptic 

1 

coordinate system the maximum length of time possible for 
measurements of the interplanetary medium decreased from about " 

3 days during Orbit 1 to 1 day on Orbit 22. The interplanetary 
magnetic field data obtained during this .portion of the IMP-1 
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lifetime were distributed over the time interval Nov. 27, 1963 
to Feb. 17, 1964 covering the three solar rotations 1784 to 
17SS . 

The initial results of these measurements are consistent 
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with the general model of an interplanetary field of solar 
origin in which the effects of a radial solar wind velocity 
and the solar rotation combine to produce magnetic lines of 
force which are twisted in the plane of the ecliptic in the 
form of an Archimedes spiral. Figure 1 summarizes the orien- 
tation histograms for the interplanetary magnetic field data. 

The angular distribution of the field component in the ecliptic 
plane is shown on the left-hand side with an angular increment 
of 20° selected on the basis of an uncertainty of direction of 
less than 5° for each 5.46 minute average. A total of 12,510 
data points were obtained during the S3 day interval covered 
by this data. The decided tendency of the field to be oriented 
parallel or anti-parallel to the theoretical angle ( 135°) 

Q 

proposed by Parker is clearly indicated. The asymmetry between 
the oppositely directed fields is presently being investigated. 
The figure also identifies those sectors in which the direction' 
of the field is predominantly away from the Sun (0 = 90° to 230°, 
"positive" direction) and those in which the field is predom- 
inantly towards the Sun (0 « 270° to 50°, "negative" direction) . 
Also shown in Figure 1 is the angular distribution of the field " 
component perpendicular to the ecliptic plane. This illustrates 
the tendency of the nearby interplanetary field to be directed 
nearly parallel to the ecliptic plane, although a 
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slight but distinct southward directed component is apparent. 

These facts suggest that magnetic field filaments exist in 
the interplanetary medium. The average field magnitude is ' 
close to 5 / and ranges principally between 3-6/ . 

For direct comparison with the solar magnetograph data, 
the IMP-1 data has been averaged over a 12 hour interval . 

Each such interval was divided into 4 subintervals which were 
assigned a polarity on the basis of the direction of the most 
frequent occurrence of the initial 5.46 minute averages. If 3 
or 4 of the subintervals were of the same polarity the 12 hour 
interval was assigned that polarity. Other possible results 
including incomplete data coverage were considered too ambiguous 
and were not assigned any polarity. The purpose of this procedure 
was to obtain the large scale polarity distribution of the 
interplanetary magnetic field. These IMP-1 data were first 
examined for evidence of a 27 day recurrence period, on the 
assumption that this would be a measure of the solar influence 
on the measured interplanetary field. A prominent peak with 
an amplitude of 0.55 + 0.05 in the auto-correlation curve ^ 
was observed at a lag of about 27 days. It was observed that 
if the first 8 days of IMP observations (including the magnetic 
storm of Dec. 2, 1963) were omitted, the remaining data yielded 
a 27 day auto-correlation peak with an. amplitude of about 
0.85 + 0.10. Therefore this 75 day interval of data was selected 
for- further analysis on the assumption that this represented a 
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period of time in which the large scale features of the 
interplanetary magnetic field were quasi-static. 

Dr. Robert Howard of the Mt. Wilson Observatory kindly 
made available the daily solar magnetograms that were obtained 
with the solar magnetograph 10 , with this instrument the photo- 
spheric magnetic field is measured utilizing the longitudinal 
Zeeman effect. The minimum detectable field was 2 gauss 
(averaged over an area on the Sun of 4 x 10® km 2 ) in the obser- 
vations used in this note. Each magnetic region occupied an 
appreciable portion of the visible disk (i.e. this note is not 
directly concerned with the much stronger but much more local- 
ized fields associated with sunspots; discrete events such as 
flares also do not enter into this analysis) . The direction 
(out of or into the Sun) of the photospheric field at the center 
of the visible disk was assigned a polarity (plus or minus) 
during the three solar rotations of interest. An increment of 
6.7° in longitude (corresponding to the solar rotation in 12 
hours) and of 10° in latitude was chosen. Occasionally the 
field direction in an increment of area was ambiguous and such 
an area was omitted in the analysis. There are also gaps irr~ _ 
the photospheric data for about 25 days caused by weather 
conditions at Mt. Wilson. A cross-correlation between the IMP-1 
field direction and the solar field direction was then computed. 
The computation was repeated at 5° intervals for latitudes 
from 25°N to 25°S of the center of the visible disk . 
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Three such cross-correlations are shown in Figure 2 as 
a function of the time lag from central meridian passage of 
the photospheric field area to the time the field was measured 
by IMP- I . The prominent positive peak at a lag of approximately 
4^ days is common to all of the latitudes examined. Because 
several of the photospheric field regions have a considerable 
extent in latitude the limited data sample available does not 
permit a statistically significant determination of the solar 
latitude at which the best correlation with IMP is obtained. 

The peak in the correlation at a lag of 4§ + ^ days would corre- 
spond to an average radial solar wind velocity of 385 + 45 km/sec 
The average radial solar wind velocity over the first seven IMP 
orbits measured by the MIT plasma detector experiment 11 was 398 
km/sec . 

The latitude of the photospheric source of the interplane- 
tary magnetic field has been investigated by means of the differ- 
ential rotation of the photospheric magnetic field. Figure 3 
shows the rotation period as a function of latitude as determined 

from auto-correlations of the photospheric field data previously 

12 "" 
described . Also shown is the recurrence period determined from 

auto-correlation -of the IMP data. This comparison suggests thar 

the latitude of the photospheric source of the interplanetary 

field was within 10 or 15 degrees of the center of the visible 

disk (or of the equator; the present analysis cannot make a • 

distinction between the two) . 
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These results indicate that during three solar rotations 
near the minimum of the solar cycle , some of the magnetic 
field lines passing through the photosphere near the center . 
of the visible disk tended to be dragged out by the solar wind 
plasma to become part of the near-by interplanetary magnetic 
field. The best correlation was obtained when the photospheric 
field was in the same direction throughout an area corresponding 
to at least two or three days rotation. These conclusions are 
consistent with the model suggested by Ahluwalia and Dessler 
in which the sense of the interplanetary magnetic field filaments 
is related to the sense of photospheric magnetic field regions. 

We thank Dr. Robert Howard for making the solar magneto- 
grams available, and Dr. Howard and Dr. V. Bumba for several 
valuable discussions. One of us (J11W) thanks the director of 
the Mt. Wilson Observatory for guest investigator privileges at 


the observatory. 



FIGURE CAPTIONS 


Fig.. 1 Distribution of the interplanetary magnetic field 
direction in the plane of the ecliptic and norm 

# 

to the ecliptic. Both histograms show the field 
angular distribution per unit solid angle; the dashed 
circles would correspond to an isotropic distribution 
of the same number of vectors. 

Fig. 2 Cross-correlation between IMP magnetic field direction 
(toward or away from the sun) and the photospheric 
field direction (into or out of the sun) for three 
latitudes on the sun. The positive peak at about 
4^ days would correspond to a uniform radial solar 
wind velocity of about 385 km/sec. The negative 
peaks at -3^ days and 4-13 days can be understood in 
terms of a quasiperiodicity in the data. The latitudes 
are measured from the center of the visible disk. 

Fig. 3 Differential rotation periods of the photospheric 
magnetic field. The latitude of the photospheric 
observations is measured from the center of the visible 
disk, whose average heliographic latitude was 3°S "" - 

during the time considered here. The error bars were 
estimated by dividing the data into three parts and 
analysing each separately. The solid line is from the 
sunspot observations of Newton and Nunn^. The arrows 
at the left indicate the IMP recurrence period; the 


position of the heavy arrow was computed using 
all the data and the light arrows represent a , 
division of the data into three parts. 
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